The recent financial crisis highlighted the dangers of systemic risk. 
Introduction "Every happy family is the same. Every unhappy family is miserable in its own way"
, citation, Summers (2000) ].
The recent financial crisis highlighted the dangers of systemic risk, and led to academicians, as well as financial executives, to consider its implications on the functioning of the financial market. The debate on the definition of systemic risk as well as on the sources of the last turmoil is still open. For example, Schwarz (2008) , while discussing systemic risk, states that "if a problem cannot be defined it cannot be solved," and Tirole (2002) argues that "two crises are never identical and each one shows own distinctive elements."
Given that the last crisis may be considered as an example of systemic crisis, our research investigates a potential root of systemic risk, namely the degree of homogeneity among market agents as consequence of their portfolio diversification strategies. The common thread of systemic risk definitions in the literature is an adverse effect on the financial system stability [Brownlees and Engle (2010); De Bandt and Hartmann (2000) ; Lehar (2004); De Nicolo and Kwast (2002) ]. Hence, if the agents are homogeneous the likelihood that a systemic event will affects them all in the same way increases. Thus, portfolio diversification, usually considered as 67 ISSN 2239-8023 DOI 10.14612/CICIRETTI_CORVINO_SPECIAL_ISSUE one of the most important tools for mitigating risk and implemented by financial investors to reduce portfolio risk, may increase the likelihood of a systemic crisis. 3 The aim of this paper is to examine these two sides of the diversification process by analyzing the impact of diversification on different types of financial risk. More precisely, we investigate over the past ten years how diversification has impacted portfolio and systemic risk. The former may be decomposed in two components: i) systematic risk, which stems from the sensitivity of portfolio returns to market returns, and is usually measured through the portfolio β factor -the correlation between the portfolio and market returns; and ii) idiosyncratic risk, which depends on the specific portfolio factors and is the portion of portfolio risk not explained by market factors. In the financial literature, systematic risk is considered nondiversifiable while the latter may be reduced through an adequate portfolio diversification strategy which neutralizes the risk-components related to portfoliospecific factors [Goetzmann and Kumar, (2008) ; Fama and MacBeth (1973) ].
Consequently, if the portfolio idiosyncratic component is reduced, the level of mutual homogeneity among market's agents increases, making them vulnerable to a simultaneous collapse when a negative systemic event occurs. Thus, starting from different conditions and expectations, market agents become homogeneous because of their portfolio diversification strategies, increasing the level of systemic risk in the financial system. Our investigation proceeds along three consecutive steps. Firstly, portfolio systematic risk, or the beta factor, is estimated and analyzed. Secondly, the relationship between the idiosyncratic portfolio risk and portfolio diversification is investigated. Finally, the impact of portfolio diversification and homogeneity level of the financial system on the likelihood of a simultaneous downturn is assessed.
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Related literature
The debate about systemic risk is recent and the related literature is still limited.
Moreover, there is not a common view on the definition of systemic risk. Many strands of research into the threats caused by systemic risk on the economic system have been developed. Nevertyheless, let us briefly review some of the available ones below. Four sych approaches are: (1) risk that an event affects a large number of financial institutions and markets at the same moment, (2) a domino-effect that occurs through common exposures of financial institution to a certain asset, (3) a banking default or a broader market participants' default as key factors, and (4) a negative externality involving real effects.
In the first approach, systemic risk may be thought of as the likelihood that a trigger event, such as an economic or financial shock, may have significant adverse implications on a large portion of financial institutions or markets. This strand of literature [Brownlees and Engle (2010) ; Kupiec and Nickerson (2004) ; and Dow (2000)), defines systemic risk as the risk of a simultaneous collapse of market agents acting in the financial system. Dow (2000) suggests that systemic risk produces its effects in four different ways: disruption of a payment system due to one or more banks' defaults, depression of banking asset values, general fear of losing savings (simultaneous withdrawals from banks), and reduction of national income linked to macroeconomic changes. Kupiec and Nickerson (2004) describe other potential ways of systemic risk impacting on the financial system, such as price volatility, corporate liquidity, and efficiency losses.
In the second group, we have Kaufman (1996), De Bandt and Hartmann (2000) , Sheldon and Maurer (2008) , Schwarcz (2008) , who suggest that systemic risk acts as a domino-effect due to linkages between the financial institutions. Kaufman (1996) (2000) relate systemic risk to experiencing of a systemic event. This involves institution Y being severly impacted because of an initial shock that has impacted institution X even if Y was fully solvent at the beginning. This is also supported by Bartram et al. (2005) who show institutions with good economic fundamentals can also be indirectly affected by systemic risk in a crisis. The domino effect is explicitly defined as the likelihood that a failure of one bank triggers a chain reaction causing other banks distress through interbank loans [Sheldon and Maurer, 2008) ] and as a trigger event that causes a chain of bad economic consequences [Schwarcz (2008) ].
In the third approach, the banking default is the key element for defining systemic risk. Eisenberg and Noe (2001) refer to the number of waves of default needed to cause a firm's default in a closed financial system. Lehar (2004) assesses systemic risk as the probability that a certain number of banks within a time period become insolvent due to a fall in the value of their assets below that of their liabilities. This view stems from Merton's (1974) structural models where banks become insolvent, and default occurs, when the value of their assets falls below a given threshold.
Considering not only a bankruptcy condition but all market participants' default, the [BIS (1994) ] defines systemic risk as the risk that a failure of a market participant to meet its contractual obligations may cause other participants to default. Such definition is shared by the U.S. Commodity Futures trading commission (2008) , which describes systemic risk as the risk that a market participant's default impacts other participants due to the interlocking nature of financial markets.
Bank for International Settlements
In the last approach, De Nicolo and Kwast (2002) and Kambhu et al. (2007) describe systemic risk as a negative "externality," either through the direct linkages given by intermediaries' exposures and through a broader disruption directly affecting the financial markets. Such market failure has an impact on cost of capital, 70 ISSN 2239-8023 DOI 10.14612/CICIRETTI_CORVINO_SPECIAL_ISSUE producing a reduction in credit provision as well as in real activity. The authors underline the fact that real effects of systemic risk constitute the main treat. However, they distinguish systemic risk from financial crises. In De Nicolo and Kwast (2002) , the magbnitudes of financial failure have to be so high as to induce real consequences such as reductions in output and employment. In Kambhu et al. (2007) the effect is a reduction of productive investment due to the decreasing credit provision. But in the authors' opinion the optimal level of systemic risk is not zero.
Few similar studies may be found in the literature about the relationship between diversification, portfolio, and systemic risk.
De Vries (2005) argues that diversification reduces the frequency of individual bank failure when a shock is smaller and easily borne by the system, while it increases the likelihood of a systemic failure when a stronger shock occurs. Allen et al. (2010) analyze systemic risk focusing on the banking sector and the interconnections among the banks looking especially to the signals perceived by investors who have to roll over their investments in the same banks. The banks are involved in a network and each bank's condition is a signal for the entire banking system. The network is the result of the diversification process of the banks who desire to share their projects with other banks to achieve a lower default probability and lower repayment to creditors.
The same process makes up a "clustered" network in which each bank holds the same portfolio, so that each bank's signal is of interest for investors. Wagner (2006) considers an economy with two banks which have to set the optimal level of diversification. Full diversification is undesirable because it reduces the risk at each individual institution but increases the risk of a systemic crisis. The bank has incentives to fully diversify because it externalizes the costs, thus increasing the Considering a broader notion of systemic risk that includes the contagion of financial turmoil across different countries or regions, Schinasi and Smith (2000) relate the diversification between risky and riskless assets, especially looking to the rebalancing of portfolios among these two different classes of securities, with the contagion effect from one region, where the shock occurs, transmitted to the other region. Focusing on the Russian default of 1998, this paper shows that one shock leads the leveraged portfolio to reducte its other risky positions (in other regions, markets, industries), in according with management rules, thus discovering the implicit and potential danger within portfolio diversification.
The estimation model
The framework proposed below aims to analytically describe the relation between diversification, portfolio risk, and systemic risk through a multistep analysis that begins from the portfolio return decomposition and explanation. The goal of this model is to show how diversification activities impact different forms of financial risks to capture the net effect of diversification on portfolio and systemic risk. Many papers [Fama (1972) ; Becker and Hoffmann (2008) ; Goetzmann and Kumar (2008)] have focussed on the consequences of diversification on individual risk-taking without looking at its impact on the entire system. Another strand of literature 72 ISSN 2239-8023 DOI 10.14612/CICIRETTI_CORVINO_SPECIAL_ISSUE [Allenspach and Monnin (2007) ; Allen et al. (2010) , Wagner (2006) ] attempts to assess how banking diversification affects the risk that the whole banking system will collapse. By contrast, the model below aims (i) to evaluate the impact of diversification on different components of risk for a representative agent, and (ii) to assess its consequences for the entire financial system.
Portfolio return and the β factor
Consider an economy with i agents, with i going from 1 to n. Each agent holds a portfolio composed of different asset classes (from here, we identify each agent with his own portfolio. In other words, i identifies at the same time the agent as well as the portfolio). Each portfolio consists of k asset classes (with k going from 1 to m), and each asset class has a weighting of wk within the agent's portfolio. Thus, the portfolio is a basket of k-asset classes, and the relative portfolio size adds up to 1 and is described as follows:
, where PSit is the relative size of portfolio i at time t (with t going from 0 to s), and witk is the relative weight of each k asset class in portfolio i at time t.
For the aim of this paper it is useful to refer to the strand of literature related with the traditional financial theory of market models where portfolio returns are explained by different components: i) a constant term, ii) the portion of portfolio return explained by the comovements between the portfolio and the market returns (systematic factors of portfolio return), and iii) the portion of portfolio returns not explained by either the constant term or the systematic factors, identified as idiosyncratic or specific component [Black et al. (1972) ]:
where, αi is the constant term, Rit is the return of portfolio i at time t, and Rmt is the 73 ISSN 2239-8023 DOI 10.14612/CICIRETTI_CORVINO_SPECIAL_ISSUE market return at time t. βi is the factor that explains the sensitivity of the i-th portfolio return with respect to the return on the market, and εit is the portion of portfolio return neither explained by market return nor by the constant term. This portion is defined as the idiosyncratic component of portfolio return, the portion of portfolio return explained by portfolio specific factors.
The impact of diversification on portfolio risk
It is now interesting to investigate the relationship between the model described in equation (1) and the portfolio diversification process. In order to do this, we need to construct a diversification measure of the agents' portfolios. For this purpose, we use Herfindahl's measure of concentration and compute its complement as proposed by Woerheide and Persson (1993) , Lang and Stulz (1994) , Byrne and Lee (2001) , and Goetzmann and Kumar (2008):
where HIit is the Herfindahl concentration measure of portfolio i at time t; that is the sum of the squared relative weights of k asset classes (witk). Our diversification index DIVit is the complement of (Hit):
We can evaluate how the portfolio diversification of the portfolio of agent i and the other j i ≠ agents' portfolios influences the portfolio risk of the i-th agent, focusing on the idiosyncratic components. 4 For this purpose we build a measure of idiosyncratic 4 The latter diversification term may be computed as follows: (1) defined as σit(εit) [Fama and MacBeth (1973) ]. The analysis may be implemented using the idiosyncratic risk of portfolio i as the dependent variable, and where the independent variables are the diversification index of the i-th portfolio, and the average measure of other portfolios' diversification followed by a set of variables that describe the asset allocation choices of agent i:
where α0 is the constant term, DIVit is the diversification degree of portfolio i at time t,
DIV is the average degree of diversification of the financial system at time t, and Viyt represents the asset allocation variables (with y, going from 1 to q, being the number of the variables), and υit being the error term.
The relationship between diversification, asset allocation of economic agents, and systemic risk
The third and final stage of the estimation model focuses on systemic risk and its relationship with diversification. More precisely, it aims to determine how diversification influences the degree of heterogeneity of asset allocation among market agents. In fact, if systemic risk is defined as the risk that a given event produces a simultaneous collapse of all market agents and the entire system, then this condition occurs with a larger probability when the agents are similar and vulnerable to similar threats. In this case, the given event affects all agents in the same way. To measure the level of agents' heterogeneity we construct a dispersion index of portfolio asset allocation: 
where z is a specific period in t where the condition Rm<TS occurs. Consequently, following Brownlees and Engle's approach and relating it with the traditional market model estimation described above, we may build a return estimation model which takes into account market return, portfolio diversification, and heterogeneity, to evaluate how diversification and heterogeneity affect this simultaneous downturn rate through the aggregate funds' returns. From the simple market model in equation (1) we move to the following return estimation model:
where ηit is the error term. In this way, given a market return, it is possible to assess the impact of diversification and heterogeneity on the return of portfolios and on the average return of the whole financial system.
Descriptive findings Data
The dataset consists of 233 balanced investments funds from November 2001 to December 2010. 5 In the dataset we have monthly variables that may be grouped in two categories: i) the main characteristics of funds; ii) variables that capture the composition and the allocation strategy of funds.
The first group of variables include i) return, the performance of fund t in a particular (1)). This may be a signal of the aggressive short strategies of funds. However funds seem to be really risk-averse about their bonds allocations.
They allocate the largest portion of their bond investments to low risk assets [see It is possible to observe from Table 2 how the distribution of the returns changes between the first and the second period of our analysis. The average return is 0.65%
[ Table 2 , column (3)] in the first period, whereas it decreases to .2% [column (10)].
The fat tails phenomenon is more pronounced in the pre-crisis sample: 6.59% versus 5.89% [columns (6) and (13) 
Estimations results
In this section we implement the estimation model with the sample previously described. The empirical analysis that follows the agent i described above will be proxied by the fund i, while the time t will be with a monthly frequency. As The first two steps evaluate the portfolio risk, decomposed into their two fundamental components. However, the main contribution of the paper is the third step, where a return estimation model stresses the impact of agents' diversification strategies and portfolio heterogeneity on the risk of a simultaneous collapse of a number of investors. This effect is also tested by augmenting the classical market model with two additional explanatory factors, diversification and heterogeneity.
Portfolio return and the β factor
The first step in our analysis deals with the investigation of the relationship between funds' returns and market proxy returns, to estimate the β factor. We estimate the β factor in equation (1) for both sample periods and a pre-sample five-year period. 7 For the sample period, we perform a random effects panel regression as in equation
(1) using the following specification:
where Cidt are the set of control variables (with d, going from 1 to g, being the number of the controls), and εit is the error term. We check for years effect (year dummies), and region effect (North America). We also define dummies to control for the effect of the crisis (taking 1 if t is between July 2007 and December 2008, zero otherwise), the pre-crisis (January 2006-June 2007) and the post-crisis periods (the 7 We use the same approach of Black et al. (1972) in estimating the pre-sample β. We estimate the β factor for the pre-sample period (November 1996 -October 2001 to compare with the β estimation in the sample period. We do not report the pre-sample beta estimation results because we do not rank funds by β factors. and to check for the nature of the fund (speculative; takes the value of 1 when the fund is speculative and zero otherwise). 8 As Table 3 shows, the sensitivity of funds returns (return) to market returns (Global market) is close to 1 in all the estimates -(1) to (10) -suggesting high integration between the market and all financial agents. In other words, the comovements of the funds and market returns are very synchronized over time. The North America dummy is significant and positive, highlighting the overall better performance of 8 In our dataset we define a fund speculative when the overall mean of speculative bonds (sum of the bonds below the triple B) owned by the fund over the time of the analysis is greater than the overall mean of the entire sample. (3) and (5)], and positive impact for the 'pre-crisis.' All the results remain the same when we add the fund's characteristics [estimates (6) to (10)].
The results described above stem from a panel regression of equation (1), which returns one beta factor for all funds. However, it may be interesting to estimate different beta for each time series using the following model:
where equation (8) funds (more than 33% of the entire sample) show a beta factor value of between 0.8 and 1.2. 89 funds can be defined aggressive with a beta factor of more than one.
The largest portion of funds consists of defensive with a beta factor of less than one. 9
The impact of portfolio diversification, portfolio asset allocation, and diversification of the other agents on portfolio risk
In this section, we evaluate the relationship between the funds' portfolio diversification strategy and the measures of idiosyncratic risk. We consider 9 Details on this time series estimation are available from the authors upon request.
84 ISSN 2239-8023 DOI 10.14612/CICIRETTI_CORVINO_SPECIAL_ISSUE two proxies for idiosyncratic risk: i) the standard deviation of the panel β factor combined residuals, and ii) the standard deviation of the β factor time series estimation residuals. 10 We perform the estimation of equation (3) where Cidt are the set of control variables (with d, going from 1 to g, being the number of the controls), and υit being the error term.
In the first set of regressions [Table 4, columns (1a) and (1b) (1) and (8) with the moving average approach we know that the wider the time window the more significant is the estimation and the higher the influence of older observations. The narrower the time window, the higher the weight of recent observations, the lower the significance of the estimates. To achieve an adequate compromise, we will use a time window of 36 six months, that is the same time window chosen by Morningstar in computing the standard deviation of portfolio returns. 11 Performing the Dorby-Whatson-Hausman test and the Breusch-Pagan/Lagrangian multiplier test, the results suggested that we run a fixed effects panel estimation model. However, we also double checked with a random effects panel estimation model which confirmed the results in associated with the high volatility and fragility of these markets, such that an investment in these economies may be rightly assessed as strongly speculative and risky. By contrast, investments in developed Asian and Japanese markets, also physically far from the last crises centers, appear to reduce portfolio riskiness. In the same way, investments in Eurozone markets reduce idiosyncratic risk. This is probably due to the different structure of European financial system, where financial markets are less volatile and the institutional architecture appears to be more consolidated.
The other outward counterintuitive finding is the significantly negative sign for the mortgage bond coefficients [columns (4a) and (4b)]. This could be related to two factors: the good performance of the real estate market during the years preceding the crisis and the credit quality of these assets. There is no information in fact about this specific category of assets, which may be low risk. In the same vein, the cash bonds (with a maturity of lower than one year) have a negative sign; probably because short-term investments are more liquid and generally less risky.
The rest of the estimations [from column (5a) to column (8a), and from column (5b) to column (8b) respectively] seem to have a negative impact on idiosyncratic risk before and for a few months during the last crisis. The portfolio idiosyncratic risk is positive from the last crisis onwards.
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The relationship between homogeneous diversification of economic agents and systemic risk
If we accept that systemic risk is the risk that the entire financial system experiences a simultaneous distress when a given event occurs, the term simultaneous plays a prominent role in this concept. Two conditions must be met for an event to impact the entire financial system at the same time: i) the event itself must be able to affect the entire system (systemic event) and ii) the level of similarity (or homogeneity) among agents and institutions must be sufficiently high. As stated in the estimation model -see equations (4) and (5) When we plot an overall view of the simultaneous effects of diversification on 88 ISSN 2239-8023 DOI 10.14612/CICIRETTI_CORVINO_SPECIAL_ISSUE idiosyncratic risk, the heterogeneity level of the financial system, and the simultaneous downturn rate (not shown here), 12 we find that when diversification increases (until the beginning of the 2007 recession) the idiosyncratic risk decreases, the level of heterogeneity within the financial system falls, and the simultaneous downturn rate increases. 13 When a systemic event occurs, diversification reduces the portfolio-specific risk while increasing the likelihood of a simultaneous collapse of financial institutions. We also find that the relationship between these two factors and portfolio return is characterized by a lagged effect.
This hypothesis may be tested through a return estimation model in which these two variables (considering different lags for diversification and heterogeneity at one, six, and twelve months) are taken into account as proposed in equation (7). Among all these regressions, only three models have significant values for both the diversification and heterogeneity variables. Three of them refer to short-run effects of lagged and contemporaneous heterogeneity (at time t-6, t-1, and t) and 12 We need to choose a threshold (TS) of equation (6) that, if surpassed, expresses the experience of a systemic event. Following the Brownlees and Engle's approach (2010) the threshold (TS) may be fixed at -2%. In addition to Brownlees and Engle's approach, using the same threshold (2%), we assess the SDrate of the number of funds that experience this loss (higher than 2%) -in the months that market loss surpasses this threshold. The indicator has its highest values during the 2007 financial crisis, and its peak corresponds to the month when Lehman Brothers' collapsed. The SDrate may thus be considered a good proxy for systemic crises and to measure the risk of a simultaneous collapse of financial system given the market proxy building strategy. The market returns proxy used in this analysis is in fact constructed as a weighted average of North American and European market proxies. Moreover, the market proxy is constructed reflecting the funds asset allocation, which is balanced among different asset classes (i.e., equity, cash, bond, other) . Hence, the market proxy is a balanced index where at least one component (cash) is substantially less volatile than the others. Consequently, a strong drop in this index may be considered a good signal of a systemic distress. 13 This effect can be described with the expression "the two faces of the same coin." 89 ISSN 2239-8023 DOI 10.14612/CICIRETTI_CORVINO_SPECIAL_ISSUE contemporaneous diversification on funds' returns; the other refers to the long-run effect of lagged heterogeneity (at t-12) and contemporaneous diversification. The short-run results are shown in Table 5 . Heterogeneity has a negative impact on funds' returns for all the lagged time and the contemporaneous one. Thus, the degree of similarity among portfolios' asset allocations produces a positive effect on funds' returns in the short-run. This condition is perceived as a mitigator factor for systemic risk. A different way to interpret this result is that agents feel that homogeneity generates a positive perception of their asset allocation choices. 14 Contemporaneous diversification has a negative impact on monthly funds' returns meaning that the portfolio return decreases when the portfolio diversification increases.
90
ISSN 2239-8023 DOI 10.14612/CICIRETTI_CORVINO_SPECIAL_ISSUE The long run-effect (Table 6) is characterized by the persistence in the sign for diversification but it switched to positive for heterogeneity. We can interpret this change in the sign as a change in perception of the degree of homogeneity in the asset allocation choices. In the long-run, the similarities among funds' asset allocation choices is perceived by the market as a potential risk, while in the shortrun it was a mitigating factor. In other words, the increasing degree of the homogeneity in the financial system has a negative impact on the funds' returns only after a certain time lag Looking at both-short and long-run effects on diversification and heterogeneity we can conclude that agents in the market perceive asset allocation choices differently based on the lag in time. In the short-run, the market seems to appreciate the homogeneity in agents' allocation choice to reduce both portfolio and systemic risk. This homogeneity is perceived by the market as a condition that makes agents more prone to suffer the consequences of a systemic event in the long-run.
Finally, for the long-run results described above, it is possible to estimate for each fund the coefficients associated with the parameters described in equation (7) through an OLS time series estimation where the dependent variable is the single fund return. The independent variables are: the market proxy returns, the lagged heterogeneity level, and the fund diversification index. Once the coefficients have been estimated, it is possible to measure the predictive powers of the estimates through a panel t-statistic test. Over the entire time window, the model predicts returns values that are not statistically different from effective values. 15 15 We perform the t-test on panel data as follows: 
Concluding remarks
The recent financial crisis has highlighted systemic risk as a possible, and a very important, variable that can, and should, play a role in the decisions taken by policymakers. This paperh investigates two aspects of agents' portfolio heterogeneity in terms of asset allocation: within a single portfolio, and across investors' portfolios.
The latter may be considered one possible source of a systemic distress. The rationale behind this idea is that if agents' portfolios become more similar to each other, the likelihood of a simultaneous collapse increases.
The analysis has been implemented through a sample of investment funds over the last decade, in three steps. The first two steps relate to the impact of diversification on the two portfolio risk components, respectively: systematic and idiosyncratic. The last one focuses on the impact of portfolio diversification on systemic risk.
The findings appear to suggest that diversification, even if is confirmed to be useful for reducing portfolio specific risk, could result in an increase in the degree of homogeneity among investors. This condition increases the risk that a negative systemic event produces a simultaneous collapse. If the agents allocated their wealth to the same assets, a negative event impacts all agents in the same way and at the same time.
Our results corroborate Wagner (2006) , which argues that total diversification is undesirable because while it reduces risk within an individual institution it increases the risk of a systemic crisis, and De Vries (2005), which argues that diversification reduces the frequency of failure of individual institutions when a shock is small and easily borne by the system but increases the likelihood of a systemic failure when a stronger shock occurs.
Further strands of research may follow the investigation implemented in this paper. For example, it is possible to cluster the sample by regions (i.e., North America, Europe, Asia, Emerging Markets), rank portfolios by funds' beta factors, or improving the model forecasting ability for heterogeneity, diversification, and systemic risk. 
